INTRODUCTION
============

Radical gastrectomy with extensive lymph node dissection for the treatment of gastric cancer is associated with high morbidity and mortality rates \[[@B1]-[@B4]\]. Partial resection or mobilization of the pancreas is often required when extended total gastrectomy (TG) with splenectomy and D2 lymph node dissection is performed. Even minimal damage to pancreatic tissue could result in pancreatic fistula in patients with high visceral fat after total gastrectomy, which was thought to be due to surgical difficulties associated with deeper and poorer view of the surgical field as well as the fragile, easily bleeding tissue in the high visceral fat group \[[@B5]\]. Gastrointestinal anastomosis has been also associated with leakage-related mortality rate of which ranged from 4.8 to 75% \[[@B6]\]. After all, pancreatic leakage after gastrectomy seemed to be mainly related to the technique and difficulty in surgery, which is sometimes unavoidable.

Pancreatic fistula is a serious potential complication after subtotal or total gastrectomy, and clinical efforts in preventing postoperative pancreatic fistula after gastrectomy have been performed \[[@B7]-[@B9]\]. High levels of amylase in drainage fluid have been reported to be a predictive factor for the development of postoperative pancreatic fistulas in pancreatic resection patients \[[@B10],[@B11]\]. The concentration of amylase in drainage fluid after TG was suggested to be a simple and useful method for the prediction of pancreatic fistula formation \[[@B1]\].

In experimental models of pancreatitis, ascites accumulates rapidly, and in human diseases its early appearance is especially common in fatal cases \[[@B12],[@B13]\]. Ascites may follow abdominal trauma involving the pancreas, leading to the production of small amounts of peritoneal fluid \[[@B14]\]; it is frequently the first sign of pancreatic disease, whether acute or chronic \[[@B15]\]. Ascitic fluid may reflect the peripancreatic necrotizing process \[[@B16]\]. The presence of drainage fluid after gastrectomy is thought to be related to the status of the pancreas in the abdominal cavity. The authors of this study wanted to ascertain the probable possibility of relationship between the volume of drainage fluid and complications requiring reoperation after gastrectomy.

Here, we analyzed amylase and lipase concentrations both in blood and drainage fluids, as well as the volume of drainage fluid to evaluate their usefulness as markers for the early detection of serious pancreatic leakage requiring reoperation after gastrectomy.

METHODS
=======

Analysis of patient data
------------------------

The records of 3,183 patients who had undergone gastric operation for pathologically confirmed gastric adenocarcinoma from January 2001 to December 2007 at the Department of Surgery, Kosin University College of Medicine were reviewed retrospectively. Among them, 100, 114, and 163 patients who underwent bypass gastrojejunostomy, open and closure, and partial resection due to their comorbidity were excluded, respectively. 2,215,539, and 52 patients who underwent subtotal gastrectomy, total gastrectomy, and TG with splenectomy or distal pancreatectomy were included, respectively in this study. We retrospectively analyzed amylase and lipase values from the blood and drainage fluids of 24,072 samples of 3,183 patients, as well as the volume of the drainage fluid at the operation site after total and subtotal gastrectomy. The Institutional Review Board approved the review of the clinical data for this study. We excluded data that were measured qualitatively. We divided patients into two groups; 1) complications with pancreatic leakage (CG); this group consisted of patients who underwent reoperation due to pancreatic leakage, and 2) no complications associated with pancreatic leakage (NCG); this group consisted of patients who had pancreatic leakage without serious complications requiring reoperation. The highest postoperative amylase and lipase values in the drainage fluid and blood were used. The volume in the drainage fluid bag was measured from postoperative day 1.

We compared mean values of amylase and lipase in blood and drainage fluid and the volumes of drainage fluid, between the two groups. To assess the validity of amylase and lipase values in the blood and drainage fluid, we performed receiver operating characteristic (ROC) analyses. To evaluate the relationships among the volume, amylase values, and lipase values in drainage fluid, values were analyzed from postoperative day 1.

Surgical procedures
-------------------

TG or subtotal gastrectomy was performed depending on the location of the cancer in the stomach. Gastroduodenostomy (Billroth I) or gastrojejunostomy (Billroth II or Roux-en-Y) in the subtotal gastrectomy and Roux-en-Y esophagojejunostomy in the TG were the standard surgical procedures used according to our institute\'s policy. Lymph node dissection was performed according to the Japanese gastric cancer treatment guideline. After completion of intestinal reconstruction duple-type drains were placed near the subhepatic and esophagojejunostomy sites. Drains were connected to a bag for drainage fluid collection through an expansion tube.

Pancreatic leakage check-up
---------------------------

After surgery, all patients had drainage tubes installed at their operation sites, through which drainage fluids were collected in a bag. From postoperative day 1, discharge was collected for examination of amylase, lipase and the amount of drainage fluid every other day until the extraction of the drainage tube.

Statistical methods
-------------------

We performed all statistical analyses using SPSS ver. 17.0 (SPSS Inc., Chicago, IL, USA). To compare means of amylase and lipase levels in the blood and drainage fluid and volume of the drainage fluid between the CG and NCG groups, independent t-tests were performed. To test the validity of amylase and lipase in blood and drainage fluid, the area under the ROC curve (AUC) was measured in this setting. To identify any correlations among the volume, amylase value, and lipase value in the drainage fluid, Pearson\'s correlation coefficients were calculated. Differences were considered statistically significant at P \< 0.05.

RESULTS
=======

Blood and drainage fluid samples from 1,534 patients were analyzed for both amylase and lipase.

The male:female sex ratio/mean age in the amylase and lipase cases were 68:32/55.9 in blood and drainage fluid groups. TG was performed more frequently than partial gastrectomy in all analyses ([Table 1](#T1){ref-type="table"}).

The mean amylase values of CG were significantly higher than those of NCG in blood and drainage fluid (P \< 0.05, [Table 2](#T2){ref-type="table"}). Statistically significant differences were also observed in lipase levels in the drainage fluid (P \< 0.05, [Table 2](#T2){ref-type="table"}). The mean volumes (standard deviation) of the drained fluid through the tube between CG (n = 22) and NCG (n = 236) on postoperative day one were 368.41 (266.25) and 299.26 (300.28), respectively. The difference between the groups was not statistically significant (P = 0.298, [Table 2](#T2){ref-type="table"}).

AUC analyses of lipase levels in blood and drainage fluid were 0.535, and 0.735, respectively while AUC of amylase levels in blood and drainage fluid were 0.731, and 0.797, respectively ([Figs. 1](#F1){ref-type="fig"}, [2](#F2){ref-type="fig"}). When the cut-off values of amylase and lipase concentrations in drainage fluid were set at 175 and 450 U/L, respectively; sensitivity, specificity, positive predictive value, negative predictive value, and accuracy for predicting pancreas leakage-related complications were 76.0, 74.5, 4.7, 99.5, and 74.6% for amylase, and 72.0, 69.8, 3.8, 99.3, and 69.9% for lipase.

There was a correlation between the amylase and lipase values in drainage fluid (r = 0.812, P = 0.000), however, no correlations were observed between the volume and amylase value or between the volume and lipase value on postoperative day one (volume and amylase value; volume and lipase value: r = -0.140, P = 0.060; r = -0.108, P = 0.149, respectively) ([Fig. 3](#F3){ref-type="fig"}).

DISCUSSION
==========

Gastrectomy with Japanese-style D2 lymph node dissection is the standard surgical procedure for the treatment of advanced gastric cancer in Korea. When D2 lymph node dissection procedure is performed during gastrectomy, pancreatitis may follow due to the manipulation of the tissues around the pancreas; this may subsequently elevate amylase values both in blood and drainage fluid at the operation site and is believed to be closely related to the development of a pancreatic fistula (PF).

The International Study Group in Pancreatic Fistula has defined postoperative PF as follows: output via an operatively placed drain (or a subsequently placed, percutaneous drain) of any measurable volume of drain fluid on or after postoperative day 3, with an amylase content greater than three times the upper normal serum value \[[@B17]\].

The relationship between the amylase concentrations in drainage fluids and PF has been studied previously. Iwata et al. \[[@B18]\] reported that amylase concentration higher than 1,000 IU/L in drainage fluid on postoperative day one, along with body mass index, was an independent risk factor of pancreatic fistula and related abdominal abscess following radical gastrectomy for gastric carcinoma. Sano et al. \[[@B1]\] suggested that when a drain is properly placed near the pancreas and the drainage fluid amylase levels are less than 2,000 units on postoperative day one, the risk of pancreatic fistula formation is low, and the drain can be removed within a few days. They also stated that when the drainage fluid amylase levels exceed 4,000 units, a pancreatic fistula may develop in one third of cases, necessitating meticulous drain management.

Increases in serum amylase during the first few days after surgery in the upper abdomen have been reported \[[@B19]-[@B24]\]. Once amylase values increase after gastrectomy, serious complications requiring reoperation may occur. Reoperation itself may be a last resort for complicated patients with pancreatic leakage; however, it is never an easy decision to re-operate, thus making it necessary to identify a critical determinant for reoperation in the urgent case of complicated patients.

Here, we attempted to determine an adequate cut-off value to differentiate between the CG and NCG groups in this study. When the cut-off value of amylase was set at 175 U/L, the positive predictive values and negative predictive values (NPV) of amylase in drainage fluid were 4.7% and 99.5%, respectively. Although the prevalence of disease in a population also affects screening test performance; in low-prevalence settings, even very good tests have poor positive predictive values \[[@B25]\], and NPV should be more favored by surgeons. When the value of amylase in drainage fluid is less than the value set for the cut-off, reoperation is not a consideration.

When performing D2 lymphadenectomies, irrespective of the extent of gastrectomy, we routinely placed suction drains near the pancreas. Although a drainage tube placed near the area of operation can cause complications such as ascending infection \[[@B26]-[@B29]\], we placed drains during gastrectomy because such safety devices improve the probability of favorable prognosis for the following reasons; first, by analyzing the contents of the drainage fluid we could determine the status inside the abdominal cavity, and, second, the exudate, which is basically the aggravating material of infection, could be removed through the tube. In Japan, placement and management of drainage tubes is thought to play an important role in the postoperative care of radical gastrectomy patients, since adequate management through well-placed drainage tubes may save a patient from reoperation and reduce mortality \[[@B23]\].

We evaluated whether the volume of drainage fluid was related to prognosis. We were unable to find a significant correlation between the volume of drainage fluid and amylase or lipase concentrations ([Fig. 3](#F3){ref-type="fig"}). Although the mean value of the volume was higher in CG (368.41) than in NCG (299.26) ([Table 2](#T2){ref-type="table"}), the differences were not statistically significant, indicating that the volume of drainage fluid itself is not a significant factor influencing complications relating to pancreatic leakage. The correlation between amylase and lipase was highest on postoperative day 1 (r = 0.812, P = 0.000) and the correlation after postoperative day 3 was thought to be similar regardless of days after operation.

In conclusion, among postoperative amylase and lipase values in blood and drainage fluid, and the volume of the drainage fluid, amylase levels in drainage fluid seemed to be better than other markers for differentiating between the CG and NCG groups. Lipase was not superior to amylase in differentiating between the two groups. The volume of drainage fluid was not significantly different between the two groups. Cautious observation for reoperation might be needed when amylase levels are higher than 175 U/L in drainage fluid after radical gastrectomy.
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###### 

Clinical information and operative procedures for amylase and lipase test groups
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CG, complications with pancreatic leakage; NCG, no complications associated with pancreatic leakage; PG, partial gastrectomy; TG, total gastrectomy.

###### 

Mean values (SD) of amylase and lipase in blood and drainage fluid and the volume of the drainage fluid in groups
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Values are presented as mean (standard deviation \[SD\]).

CG, complication with pancreatic leakage group; NCG, no complication associated with pancreatic leakage group.
